allowed to cross-load on the Prosocial subscale, displayed adequate goodness of-fit indices. Multi-group confirmatory factor analysis showed that the five-factor model (with correlated errors added) had partial strong measurement invariance by countries. A total of 11 of the 25 items were noninvariant across samples. The level of internal consistency of the Total difficulties score was 0.84, ranging between 0.69 and 0.78 for the SDQ subscales. The findings indicate that Abstract The main purpose of the present study was to analyse the internal structure and to test the measurement invariance of the Strengths and Difficulties Questionnaire (SDQ), self-reported version, in five European countries. The sample consisted of 3012 adolescents aged between 12 and 17 years (M = 14.20; SD = 0.83). The five-factor model (with correlated errors added), and the five-factor model (with correlated errors added) with the reverse-worded items 1 3 the SDQ's subscales need to be modified in various ways for screening emotional and behavioural problems in the five European countries that were analysed.
Introduction
Adolescence is a particularly important developmental stage for socio-emotional development, but it is also marked by the emergence of mental health problems [1] . These problems are both common and debilitating during adolescence producing significant social and economic consequences for the individual, their families, and the global community [2, 3] . As a consequence, interest in the detection of children and adolescents at risk for emotional disorders or behavioural problems has sharply increased in the past two decades [4] [5] [6] [7] . The assessment of emotional and behavioural problems in children and adolescents is a priority issue not only for public health policy, but also in the context of clinical practice and research. Nevertheless, and despite the efforts in early detection, different research studies have suggested that only a minority of the adolescent population with needs in the area of mental health comes in direct contact with specialized services [8, 9] .
Among the measuring instruments developed to assess psychological difficulties and capacities in children and adolescents we can find the Strengths and Difficulties Questionnaire (SDQ) [10] self-report version. The SDQ is a screening instrument for behavioural and emotional problems that also assesses capacities in the social sphere. Furthermore, it is a brief, simple, and easy management tool for use in child and adolescent populations [11, 12] . It has been used in both clinical and community settings throughout the world. The SDQ is composed of 25 items in a Likert response format with three response options grouped into five subscales [10] : Emotional symptoms, Conduct problems, Hyperactivity, Peer problems, and Prosocial behaviour. The first four subscales form a Total difficulties score. Items that compose the SDQ are both positively and negatively phrased to avoid the effect of response bias (e.g., acquiescence). In total, 15 items reflect problems and 10 capabilities, of which five belong to the Prosocial subscale and five should be recoded, since they are formulated in a positive way and belong to the problems subscales.
Previous studies have reported adequate psychometric properties related to reliability and sources of validity evidences for the SDQ self-reported version [13] [14] [15] . Nevertheless, several studies have detected low values of reliability (Cronbachs's alpha ˂0.60), especially in the Conduct problems and Peer problems subscales [11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The fact that the SDQ contains positive as well as negative items is a valuable aspect of the test. However, this aspect could be a key factor in explaining low internal consistency and the inconsistency of factorial solutions [26] . The fact that the problems subscales include these type of items can mean that they behave as part of a distinct construct [20] . Therefore, reverseworded items may influence the estimation of internal consistency due to their low correlation with the rest of the SDQ items that measure problems, and could, at the same time, affect the factor structure [26] . In this sense, a five-factor solution of the SDQ with the same 25 items but allowing the reverse-worded items to cross-load on the Prosocial subscale has been proposed as the most satisfactory [26] .
With regards to the study of the factor structure of the SDQ, there are contradictory results. Previous studies, conducted using confirmatory factor analysis, showed the fivefactor solution as the most appropriate [11, 24, 25, [27] [28] [29] , while others found the three-factor model [11, [30] [31] [32] . The three-factor solution comprises Internalizing symptoms, made up of the Emotional and Peer problems subscales, Externalizing symptoms, comprising Conduct problems and Hyperactivity subscales, and the Prosocial subscale. In addition, other studies have found a five-factor solution with two second-order factors (internalizing and externalizing) as the most satisfactory model [33] . Nevertheless, Mellor and Stokes [22] reported that none of the five subscales was essentially one-dimensional, questioning the adequacy of the internal structure of the five-factor solution. Other research, likewise, has discussed the adequacy of the subscales, concluding that the SDQ internal structure was not appropriate [19, 32] . Also, a bifactor structure of the test has been also found to be adequate [34] .
Another important issue regarding the factor structure of the SDQ is the study of Measurement Invariance (MI) across nations. Recently, Goodman et al. [35] suggested, according to their results, that cross-national differences in SDQ scores may be due to different biases instead of reflecting comparable differences in mental disorder rates. Thus, cross-national differences in SDQ caseness may be determined by its measuring construct (i.e., factorial structure) rather than real comparable differences in disorder rates. In the same line, Milfont and Fisher [36] pointed out that MI has to be demonstrated for a meaningful comparison of measuring constructs across groups. The evaluation of MI is important for determining the generalizability of latent constructs across groups and whether the MI and the construct being measured are operating in the same way across diverse samples of interest [37] . If MI does not hold, inferences and interpretations drawn from the data may be erroneous or unfounded. It is also a priority to conduct studies of measurement equivalence that guarantee the comparability of scores across cultures (e.g., to set cut-off scores, to conduct cross-cultural comparisons).
Previous studies have analyzed the MI of the selfreported version of the SDQ in adolescents across different variables (e.g., gender, age, race/ethnicity, and income) [11, 19, 26, [38] [39] [40] . As yet, there has been no in-depth examination addressing the question of whether the dimensional structure underlying the SDQ scores is invariant across countries. To the best of our knowledge, few studies have addressed this question [27, 38, 39] . For instance, Essau et al. [38] , with a sample of 2418 adolescents, found that the factorial structure of the SDQ differed across five European countries (Cyprus, England, Sweden, Germany, and Italy). Another important study, conducted by Stevanovic et al. [39] , did not find an acceptable model in countries from Europe, Asia, and Africa (India, Nigeria, Turkey, Croatia, Indonesia, Bulgaria, and Serbia). Also, they were not able to test for MI across countries.
Thus, the replicability of the factorial structure of the SDQ in its self-report form with adolescent populations across different cultural groups still needs further examination. Within this framework, the main goal of the present study was to analyse the internal structure of the SDQ scores and to test the equivalence of the factor structure of the SDQ across five European countries. We, therefore, intended to study the internal structure; we tested the measurement invariance across different countries, and we studied the internal consistency of the SDQ scores using Ordinal alpha. We hypothesized that a five-factor model, and a five-factor model allowing reverse-worded items to crossload on the Prosocial factor would provide the best fit to the data in all the countries. We further hypothesized that the five-factor structure underlying the SDQ scores would be invariant across cultures. Moreover, we hypothesized that internal consistency of the scores would be adequate for the Total difficulties score and in all of the subscales, with possible decrease in the Conduct and Peer problem subscales according to previous studies [11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
Method Participants
A total of 3260 students completed the SDQ questionnaires. Cases with missing data on gender, age, and SDQ items were excluded. Final sample comprised a total of 3012 adolescents; 1434 were males (47.6 %), from five European countries: Spain (N = 848; 28.2 %), England (N = 626; 20.8 %), Ireland (N = 227; 7.5 %), Germany (N = 1050; 34.9 %), and France (N = 260; 8.6 %). Participants' ages ranged between 12 and 17 years (M = 14.20; SD = 0.83). In all samples, students were from different types of secondary schools-public, grant-assisted private and private-and from vocational/technical schools. . All of the adolescents in England, Ireland, Germany, and France were 14 years old. As a consequence, statistically significant differences were found by age (F (5, 1910) = 117.02, p ≤ 0.001).
With regards to the gender, the distribution of the total sample was the following: Spain (male = 368; 43.3 %), England (male = 310; 49.5 %), Ireland (male = 125; 55.1 %), Germany (male = 499; 47.5 %), and France (male = 132; 50.8 %). No statistically significant differences were found by gender (F (4,748) = 3.31, p > 0.001) across the countries.
Instrument
The Strengths and Difficulties Questionnaire (SDQ) [10] , self-reported form. It is a measuring instrument widely used for the assessment of different social, emotional, and behavioural problems related to mental health in children and adolescents over the previous 6 months. The SDQ is made up of a total of 25 statements distributed across five subscales (each with five items): Emotional symptoms, Conduct problems, Hyperactivity, Peer problems, and Prosocial behaviour. In this study we used a Likert-type response format with three options (0 "Not true", 1 "Somewhat true", 2 "Certainly true"), so that the score on each subscale ranged from 0 to 10 points.
In the present study, for the Spanish sample we used the version Spanish validated in non-clinical adolescent populations [40, 41] . The original English version of the manuscript was used in the case of the English and the Irish samples [10] . The validated German version of the SDQ [14] was used in Germany. Finally the validated French version of the instrument [16] was used in the French sample.
Procedure
In Spain, the questionnaire was administered collectively, in groups of 10-35 students, during normal school hours and in a classroom specially prepared for this purpose. In the remaining countries, data collection took place as part of a larger study examining adolescent reinforcementrelated behaviour in non-clinical populations. The SDQ was completed individually using a computer-based system at research institutes in Nottingham, London, Paris, Berlin, Mannheim, Dresden, Hamburg, and Dublin. For details of the larger study please refer to Schumann et al. [42] . School approval and parental written informed consent were obtained in all the countries for participation. Participants were informed of the confidentiality of their responses and of the voluntary nature of the study. No incentives were given for completing the SDQ specifically. Administration took place under the supervision of researchers.
Data analyses
First, to analyse the internal structure of SDQ scores and based on previous literature, several confirmatory factor analyses (CFAs) were conducted at the item level. Due to the categorical nature of the data, we used the robust Meanadjusted Weighted Least Square method (WLSMV) for the estimation of parameters [43] . The following goodnessof-fit indices were used: Chi square (χ 2 ), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), root mean square error of approximation (RMSEA), and weighted root mean square residual (WRMR). The CFI and TLI values greater than 0.95 are preferred and values close to 0.90 are considered acceptable, and WRMR values less than 0.08 are considered a proof of good model fit, while the RMSEA values should be under 0.08 for a reasonable fit, and under 0.05 for a good fit [44, 45] .
Based on previous literature, different hypothetical dimensions were specified: (a) the original five-factor model [10] , (b) the five-factor model (with five correlated errors allowed), (c) a five-factor model with correlated errors and the reverse-worded items allowed to cross-load on the Prosocial factor [26] , (d) the three-factor model comprising: Internalizing symptoms, made up of the Emotional and Peer problems subscales; Externalizing symptoms, comprising Conduct problems and Hyperactivity subscales, and the Prosocial subscale [31] , (e) a three-factor model with correlated errors [26] , (f) a three-factor model with correlated errors and allowing reverse-worded items to cross-load on the Prosocial factor, (g) the five-factor model with two second-order factors [33] , resulting from grouping internalizing symptoms (emotional and peer subscales) and externalizing symptoms (behavioural and hyperactive subscales) and the Prosocial factor, (h) the five-factor model with two second-order factors and correlated errors, and (i) the five-factor model with two second-order factors with correlated errors and allowing reverse-worded items to cross-load on the Prosocial factor.
Since some correlation errors were found in the original five-factor model, we decided to allow the correlation between those items that had similar content: 2-10 (I am restless-constantly fidgeting), 25-15 (finish the work-easily distracted), 15-16 (easily distracted-nervous in new situations), 19-18 (others bully me-often accused of lying), and 20-23 (volunteer to help others-get on better with adults). Some other correlated errors were identified. However, taking into account the inherent problematic in the use of correlated errors [46] and from a pragmatic criterion we decided to compute just five correlated errors in the analyses.
Second, we tested MI. Successive multigroup CFAs were conducted [47] . A hierarchical set of steps is followed when MI is tested typically starting with the determination of a well-fitting multigroup baseline (configural) model and continuing with the establishment of successive equivalence constraints in the model parameters across groups. Using Delta parameterization in Mplus, two steps on MI need to be considered: configural and strong invariance models. As proposed by Muthén and Muthén [48] , analyses of MI with delta parameterization for binary and ordered polytomous data are conducted considering metric and scalar invariance in tandem. Thus, we decided to test for MI attending to configural and strong invariance models. The configural model is the first and least restrictive model to be tested. The configural model is established by specifying and testing the model for each group separately. Once the theoretical model has been validated in all groups, configural invariance is examined requiring that the same pattern of fixed and freely estimated parameters are equivalent across groups and, therefore, no equality constraints are imposed. When the configural invariance model is found, it is assumed that the general factor structure is at least similar, though not necessarily equivalent, across groups. In a second step, we established a strong invariance model, which contained cross-group equality constraints on all factor loadings and item thresholds. As required by the model, scale factors were fixed to one in one group and were free in the others, and factor means were fixed to zero in one group and were free in the others [43] . The Spanish group was set as the reference group. The assumption of strong invariance model is also necessary for comparing groups [47, [49] [50] [51] .
The analysed dimensional models can be seen as nested models to which constraints are progressively added. Due the ∆χ 2 sensitivity to sample size, Cheung and Rensvold [52] proposed a more practical criterion: the change in CFI (∆CFI), to determine if nested models are practically equivalent. In this study, when ∆CFI is greater than 0.01 between two nested models, the more constrained model is rejected since the additional constraints have produced a practically worse fit. However, when this criterion is not met and some of the parameters (e.g., factorial loadings or thresholds) are not specified to be equal across groups, partial MI model can be considered [53] .
Finally, we calculated internal consistency and descriptive statistics of the SDQ subscales and Total difficulties score for each country and the total sample. Ordinal alpha coefficient for Likert data was calculated as a measure of the reliability of the SDQ scores. Ordinal alpha is conceptually equivalent to Cronbach's alpha and it is more [43] , were used for data analysis.
Results
Validity evidence based on internal structure of the SDQ scores: confirmatory factor analysis CFAs showed that the five-factor model (with correlated errors), allowing reverse-worded items to cross-load on the Prosocial factor, displayed better goodness-of-fit indices than the other hypothetical dimensional models tested in Spain, England, Ireland, and in the total sample. Nevertheless, the five-factor model with the inclusion of correlated errors showed similar results in Germany and France. As shown in Table 1 , goodness-of-fit indices for the baseline five-factor and three-factor models did not reach the cutoffs recommended. For both models, substantial modification indices were found for error correlation between items 25 and 15, items 2 and 10, items 19 and 18, items 20 and 23, and items 15 and 16. This correlation was made between those items that have similar content. Once the correlated errors were added, goodness-of-fit indices were adequate for the five-factor solution in all the countries and in the Total sample, with the exception of Ireland (CFI = 0.842). However, other fit indices, in the case of Ireland, showed adequate indices (RMSEA = 0.052). It is worth noting that Ireland was the country with the smaller sample size. In this sense, some fit indices can be affected, especially when data are considered ordinal and WLSMV is used. For this reason, the RMSEA has to be also considered as an even more relevant criterion of fit indices when categorical data are analyzed [55] .
When compared, the solution with five factors displayed better goodness-of-fit than the three-factor solution in all the countries. Meanwhile, the model with the inclusion of second-order factors revealed lower goodness-of-fit indices than the five-factor model in all the countries and in the Total sample.
Measurement invariance of the SDQ scores across countries
The five-factor model with modifications displayed adequate goodness-of-fit indices and as factor loadings and internal consistency levels in this model was more appropriate than model c, we, therefore, tested the factorial equivalence of this model across countries. The configural invariance model, in which no equality constraints were imposed, showed an adequate fit to the data (see Table 2 ). Next, a strong invariance model was tested with the item thresholds and factor loadings being constrained to equality across groups. The ∆CFI between the constrained and the unconstrained models was over 0.010, indicating that strong invariance was not supported. Factor loadings and thresholds of items 2, 15, 20, and 21 in the case of England, items 1, 6, 7, 15, 16, 17, 21, 22 , and 23 in Germany, and item 21 in France were freed, meaning that the factor loadings and thresholds of these items were non-equivalent across countries. No items had to be freed in Ireland. In sum, a total of 11 items were non-invariant across the countries. Once the item parameters were freed the model fit was adequate, indicating that strong partial measurement invariance was supported across the countries. The total amount of parameters found common among countries was over 80 %.
The standardized factor loadings for the strong partial measurement invariance model for each country are shown in Table 3 . All factor loadings were statistically significant in the five countries ranging from 0.39 (item 10, Spain) to 0.97 (item 13 Ireland). As shown in Table 3 non-equivalent items belong to all the dimension, with Hyperactivity (2, 15, and 21) and Prosocial (1, 17, and 20) subscales showing a total of three non-equivalent items and Emotional (16) showing just one
Internal consistency and descriptive statistics of the SDQ scores
The internal consistency of the scores by means of Ordinal alpha was calculated (model b). As shown in Table 4 , Ordinal alpha values for the Total difficulties score (20 items) were good, ranging from 0.75 (Germany) to 0.85 (France).
Ordinal alpha values in the other subscales (5 items) were also adequate in almost all the countries. Nevertheless, lower values were found in the case of the Conduct problems (0.61, France) and the Peer problems (0.61, Ireland) subscales.
In addition, descriptive statistics (mean and standard deviation) of the SDQ were calculated for each country and for the total sample (see Table 5 ).
Discussion and conclusions
The main purpose of this study was to analyse the internal structure and the MI of the Strengths and Difficulties Questionnaire (SDQ) [10] in its self-reported form using a large sample of adolescents from five European countries. To this end, we examined the factor structure, tested the factorial equivalence across countries, and estimated the internal consistency of the SDQ scores. Knowledge of the SDQ psychometric properties is relevant to its use as a screening tool in an age group at particular risk of developing emotional and behavioural symptoms and disorders [1, [4] [5] [6] [7] . The study of the internal structure, by means of CFAs, supported the five-factor structure in all the countries and in the total sample, as it is the case in previous studies [11, 24, 25, [27] [28] [29] 40] . Nevertheless, adequate goodness-of-fit indices were found after adding error correlation between items, indicating discrete values in the five-factor baseline model in all the countries. Moreover, some goodnessof-fit indices in Ireland were still not appropriate. Similar results were found in previous studies [19, 26, 32, 40] . For instance, the study of Ortuño-Sierra et al. [40] showed that the five-factor structure was the better to fit the data, but appropriate goodness-of-fit were only reached after correlated errors were added. Thus, the five-factor structure is still questionable. In the same line, a modified five-factor model allowing the reverse-worded items to cross-load on the Prosocial factor displayed significant better goodnessof-fit indices in all the countries, including the total sample, as it was the case in the study of van de Looij-Jansen et al. [26] . However, the study of factor loadings revealed that some of them were non-significant, questioning the adequacy of this model.
With regard to the three-factor structure, the results of the CFAs indicated lower goodness-of-fit-indices than the five-factor model. The respective models based on the three-factor structure with the correlated errors added, and with the reverse-worded items allowed to cross-load on the Prosocial dimension, displayed all of them lower fit indices than their correlated five-factor models. As so, the three-factor structure of the SDQ was found not adequate, similarly to the findings in previous studies [11, 32, 40, 56] . Regarding this, ∆CFI analysis revealed that, contrary to van de Looij-Jansen et al. [26] , both in the three-and the five-factor models, the inclusion of modifications is more significant in model fit than allowing reverse-worded items to cross-load on the Prosocial subscale, with the exception of Ireland. Nonetheless, in all cases, the extension of the Prosocial subscale resulted in an improvement of the model fit in all the countries, confirming the results of van de Looij-Jansen et al. [26] and the idea that the extended Prosocial factor may reflect the possibility of a positive response construct [20] . However, the study of the factor loadings revealed some non-significant factor loadings in this model, and also levels of internal consistency were less adequate. For this reason, we decided that model b was more appropriate to further study MI.
Adolescence is a developmental stage in which relevant biopsychological changes occur. These changes could be different depending on factors such as the geographical All standardized factorial loadings estimated were statistically significant (p < 0.01) R 2 proportion of explained variance, factor loadings equivalent and non-equivalent across countries differentiated in bold and normal font, respectively area, the culture, and the meaning of the items or the language [57] . For this reason, we believe that the study of the MI is important to assure the comparability of scores and for determining the generalizability of latent constructs across these groups. The detection of psychological difficulties as well as the prosocial capabilities is a key factor that will allow future intervention with adolescents. Nonetheless, the review of the literature shows that there are few studies of MI in the self-reported version of the SDQ [11, 19, 26, 27, 38, 39] .
Results supported the hypothesis of partial MI by nation. Nevertheless, it is worth noting that MI was reached after factor loadings and threshold of items were freed (1, 2, 6, 7, 15, 16, 17, 20, 21, 22 , and 23), in the five-factor model with correlated errors. Therefore, according to the results found, these items should be considered carefully when using the SDQ across countries as data show that the original five-factor structure is not appropriate for cross-cultural comparisons, as well as the other models tested. Thus, and taking into account previous studies and the results found in the present study, it is possible to affirm that the SDQ cannot be used in cross -cultural comparisons, when multiple samples are included. This issue does not imply that SDQ cannot be used for in-country assessments. Recent studies have found similar results, indicating that the structure of the SDQ self-reported version in adolescents was non-invariant across cultures [38, 39] . For instance, in the study of Essau et al. [38] with five European countries, the factorial equivalence of the SDQ was rejected in the fiveand the three-dimensional models tested.
In this sense, the countries involved in both studies could be a key factor explaining the differences. It might be that countries involved in the study of Essau et al. [38] , were more distant among each other than those involved in the present work. As it is the case of our study, they considered central Europe (Germany), Anglo-Saxon (England), and Mediterranean (Cyprus and Italy) countries, but they also included a Scandinavian country (Sweden). Thus, future studies should consider the possibility of analysing factorial equivalence among different cultures or geographical areas of Europe like the north and the south. Moreover, parameters were estimated with Maximum Likelihood Method (MLM). In this sense, the different estimator used might explain the differences found with the present study. Also, the study of Stevanovic et al. [39] showed that due to the lack of fit, the study of structural equivalence across the nations was not possible. As it was noted before, it might be because countries from different continents were involved: Europe (Turkey, Serbia, Bulgaria, and Croatia), Asia (India and Indonesia), and Africa (Nigeria).
The results found in the present study throw some light on the possibility of the comparison of the SDQ scores between different nations in Europe. Nonetheless, it is worth mentioning that the results have to be considered carefully, as strong measurement invariance was supported after different items were released, indicating differential item functioning in a total of 11 items. As it was proposed by Byrne et al. [53] , in a situation where there is no perfect type of MI (i.e. full MI), but neither is complete non-invariance, it is possible to talk about partial MI. In the case of partial measurement invariance presence, only those items that meet criteria for strong measurement invariance model should be included in composited measures when scores for the scales are to be compared cross-culturally. Previous studies have found psychological constructs like emotional and behavioural problems to be invariant across cultures with other measurement instruments (e.g. Youth Self Report) [58] .
With regard to the study of the internal consistency of the SDQ scores, adequate levels of reliability were found with Ordinal alpha (0.83) for the Total score in the total sample. Ordinal alpha in the countries ranged from 0.75 (Germany) to 0.85 (France). Although still adequate, lower internal consistency values were found in the Conduct and Peer problems subscales, similarly to previous studies [11, 17-20, 22, 24, 25, 40, 59] . It is worth noting that previous studies analysing the internal consistency of the SDQ were made through Cronbach's alpha. In this sense, the fact that Ordinal alpha was used might be a relevant variable that explains these differences. Ordinal alpha has been shown to estimate reliability more accurately than Cronbach's alpha for ordinal response scales [60] . Also, as it has been proposed, the inclusion of positive items in the problems subscales may affect to the internal consistency of these subscales [26] . In addition, it is noteworthy to mention that possible improvement of the reliability of the SDQ scores could be reached by a five-point Likert response format to improve the reliability of scores [40, 60] , as well as for dimensional scoring on psychopathology measures [61] .
The results of the present study should be interpreted in the light of the following limitations: First, the study is based on adolescents' self-report. As it is well-known, there is a problem in the use of self-report instruments in terms of social desirability and response bias that might be especially important in these age groups. Second, the Spanish sample was conformed by different age groups while the others were uniform. This could have implications in the study of the MI, as the age could be a variable that itself modifies the MI. In addition, this aspect may have implications for the generalizability of our findings to other countries in different age groups. Further studies could investigate cultural differences as well as national differences and would benefit from including measures of cultural values and beliefs in their assessments. Also, future studies testing the multi-level CFA or Item Response Theory (IRT) should be considered in detecting DIF items and how demographic or economic or cultural variables influence the construct. Future research should continue to advance in the study of measurement invariance of the SDQ dimensions across other nations and/or cultures-in particular using nonWestern samples.
